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SUMMARY 

In  August  2001,  composite  periphyton  samples  were  collected 
from  6  sites  on  the  Tongue  River  in  southeastern  Montana  for  the 
purpose  of  assessing  whether  this  stream  is  water-quality  limited 
and  in  need  of  TMDLs  and  to  evaluate  the  biological  effects  of 
salty  groundwater  being  discharged  from  coal-bed  methane  wells. 
The  samples  were  collected  following  DEQ  standard  operating 
procedures,  processed  and  analyzed  using  standard  methods  for 
periphyton,  and  evaluated  following  modified  USEPA  rapid 
bioassessment  protocols  for  wadeable  streams. 

Despite  continued  drought  and  record  low  flows  in  2001,  the 
algal  flora  of  the  Tongue  River  indicated  cool,  fresh  waters  and 
good  to  excellent  biological  integrity  at  most  sites,  with  no 
overt  effects  of  salinization  in  evidence. 

Sedimentation  was  the  most  serious  problem  in  the  Tongue 
River  as  indicated  by  diatom  metrics.   A  large  percentage  of 
motile  diatoms  indicated  moderate  impairment  from  sediment  and 
partial  support  of  aquatic  life  uses  at  TR05 .   Little  or  no 
impairment  from  sedimentation  was  noted  at  the  other  sites. 

Due  to  the  flow-  and  temperature-stabilizing  effects  of 
reservoir  releases,  the  attached  filamentous  green  alga 
Cladophora   dominated  below  Tongue  River  Dam.   A  large  number  of 
Cocconeis  pediculus,    a  common  epiphyte  on  Cladophora,    indicated 
moderate  impairment  and  partial  support  of  aquatic  life  uses  at 
TR03  due  to  habitat  homogeneity.   Minimum  values  for  diatom 
diversity  and  species  richness  were  also  recorded  below  the  dam. 

A  large  percentage  of  nitrogen- fixing  diatoms  indicated 
nitrogen-poor  conditions  immmediately  below  Tongue  River  Dam. 
Sites  above  and  below  Tongue  River  Reservoir  were  very  different, 
f loristically .   A  small  number  of  teratological  diatom  cells- - 
cause  unknown- -was  observed  at  each  of  the  four  upstream  sites. 


INTRODUCTION 

This  report  evaluates  the  biological  integrity,  support  of 
aquatic  life  uses,  and  probable  causes  of  impairment  to  those 
uses  in  the  Tongue  River  of  southeastern  Montana.   The  purpose  of 
this  report  is  to  provide  information  that  will  help  the  State  of 
Montana  determine  whether  the  Tongue  River  is  water-quality 
limited  and  in  need  of  TMDLs ,  and  to  assess  the  effects  of 
discharges  from  coal-bed  methane  (CBM)  test  wells  upstream. 

The  federal  Clean  Water  Act  directs  states  to  develop  water 
pollution  control  plans  (Total  Maximum  Daily  Loads  or  TMDLs)  that 
set  limits  on  pollution  loading  to  water-quality  limited  waters. 
Water-quality  limited  waters  are  lakes  and  stream  segments  that 
do  not  meet  water-quality  standards,  that  is,  that  do  not  fully 
support  their  beneficial  uses.   The  Clean  Water  Act  and  USEPA 
regulations  require  each  state  to  (1)  identify  waters  that  are 
water-C[uality  limited,  (2)  prioritize  and  target  waters  for 
TMDLs,  and  (3)  develop  TMDL  plans  to  attain  and  maintain  water- 
quality  standards  for  all  water-quality  limited  waters. 

This  evaluation  is  also  part  of  a  study  being  conducted  by 
staff  of  the  Montana  Department  of  Environmental  Quality  (MDEQ) 
to  determine  the  chemical  and  biological  effects  of  CBM  well 
discharges  to  streams  in  southeastern  Montana.   The  discharged 
groundwater  originates  from  test  wells  that  are  being  used  to 
dewater  underlying  coal  beds  for  the  purpose  of  determining  the 
capacity  and  economic  feasibility  of  methane  gas  production. 

Evaluation  of  use  support  in  this  report  is  based  on  the 
species  composition  and  structure  of  periphyton  (phytobenthos, 
benthic  algae)  communities  at  6  sites  that  were  sampled  on  August 
17-18,  2001.   The  periphyton  community  is  a  basic  biological 
component  of  all  aquatic  ecosystems.   Periphyton  accounts  for 
much  of  the  primary  production  and  biological  diversity  in 


Montana  streams  (Bahls  et  al .  1992). 

Plafkin  et  al .  (1989)  and  Stevenson  and  Bahls  (1999)  list 
several  advantages  of  using  periphyton  in  biological  assessments 
of  streams: 

•  Algae  are  universally  present  in  large  numbers  in  all 
streams  and  unimpaired  periphyton  assemblages  typically 
support  a  large  number  (>30)  of  species,- 

•  Algae  have  rapid  reproduction  rates  and  short  life  cycles, 
making  them  useful  indicators  of  short-term  impacts; 

•  As  primary  producers,  algae  are  most  directly  affected  by 
physical  and  chemical  factors,  such  as  temperature, 
nutrients,  dissolved  salts,  and  toxins; 

•  Sampling  is  quick,  easy  and  inexpensive,  and  causes  minimal 
damage  to  resident  biota  and  their  habitat; 

•  Standard  methods  and  criteria  exist  for  evaluating  the 
composition,  structure,  and  biomass  of  algal  associations; 

•  Identification  to  species  is  straightforward  for  the 
diatoms,  for  which  there  is  a  large  body  of  taxonomic  and 
ecological  literature; 

•  Excessive  algae  growth  in  streams  is  often  correctly 
perceived  as  a  problem  by  the  public. 

•  Periphyton  and  other  biological  communities  reflect  the 
biological    integrity^   of  waterbodies;  restoring  and 
maintaining  the  biological  integrity  of  waterbodies  is  a 
goal  of  the  federal  Clean  Water  Act; 

•  Periphyton  and  other  biological  communities  integrate  the 
effects  of  different  stressors  and  provide  a  measure  of 
their  aggregate  impact;  and 

•  Periphyton  and  other  biological  communities  may  be  the  only 
practical  means  of  evaluating  impacts  from  non-point  sources 
of  pollution  where  specific  ambient  criteria  do  not  exist 
(e.g.,  impacts  that  degrade  habitat  or  increase  nutrients) . 


^  Biological    integrity   is  defined  as  "the  ability  of  an 
aquatic  ecosystem  to  support  and  maintain  a  balanced,  integrated, 
adaptive  community  of  organisms  having  a  species  composition, 
diversity,  and  functional  organization  comparable  to  that  of 
natural  habitats  within  a  region"  (Karr  and  Dudley  1981) . 


Periphyton  is  a  diverse  assortment  of  simple  photosynthetic 
organisms  called  algae,  and  other  microorganisms  that  live 
attached  to  or  in  close  proximity  of  the  stream  bottom.   Most 
algae,  such  as  the  diatoms,  are  microscopic.   Diatoms  are 
distinguished  by  having  a  cell  wall  composed  of  opaline  glass- - 
hydrated  amorphous  silica.   Diatoms  often  carpet  a  stream  bottom 
with  a  slippery  brown  film. 

Some  algae,  such  as  the  filamentous  greens,  are  conspicuous 
and  their  excessive  growth  may  be  aesthetically  displeasing, 
deplete  dissolved  oxygen.^  interfere  with  fishing  and  fish 
spawning,  clog  irrigation  intakes,  create  tastes  and  odors  in 
drinking  water,  and  cause  other  problems. 


PROJECT  AREA  AND  SAMPLING  SITES 

The  project  area  is  located  in  Bighorn,  Rosebud,  and  Custer 
Counties  in  southeastern  Montana.   The  Tongue  River  heads  in  the 
Bighorn  Mountains  of  northcentral  Wyoming  and  flows  northeasterly 
for  about  150  miles  to  where  it  enters  the  Yellowstone  River  at 
Miles  City,  Montana.   The  project  area  encompasses  the  reach  of 
river  from  the  Wyoming  line  to  the  mouth  of  the  river  at  Miles 
City  . 

The  project  area  is  within  the  Northwestern  Great  Plains 
Ecoregion  (Woods  et  al .  1999) .   The  surface  geology  of  the 
watershed  consists  of  Paleocene  coal-bearing  deposits  of  the  Fort 
Union  Formation  and  Eocene  deposits  of  the  Wasatch  Formation 
(Renfro  and  Feray  1972) .   Vegetation  is  mixed  grassland   (USDA 
1976) .   The  main  land  use  is  livestock  grazing,  with  some 
irrigated  crop  production  along  the  river. 

Periphyton  samples  were  collected  at  6  sites  on  the  Tongue 
River  on  August  17-18,  2001  (Table  1,  Maps  1-6).   The  uppermost 


site  (TROD  and  the  lowest  site  (TR06)  bracket  a  120-mile  section 
of  the  Tongue  River  that  extends  from  just  below  Squirrel  Creek 
near  Decker,  Montana,  to  the  mouth  of  the  Toncpje  River  at  Miles 
City.   Site  TROl  is  above  Tongue  River  Reservoir;  sites  TR02 
through  TR06  are  below  Tongue  River  Reservoir. 

Elevations  at  the  sampling  sites  range  from  about  3,600  feet 
at  the  upper  site  near  Decker  to  about  2,500  feet  at  the  mouth  of 
the  Tongue  River  at  Miles  City.   In  the  Montana  Surface  Water 
Quality  Standards,  the  Tongue  River  is  classified  B-2  from  the 
Wyoming  boundary  to  Prairie  Dog  Coulee  (includes  sites  TROl  and 
TR02) ,  and  B-3  from  Prairie  Dog  Coulee  to  the  Yellowstone  River 
(sites  TR03  through  TR06) . 


METHODS 

Periphyton  samples  were  collected  by  Patrick  Newby  of  the 
MDEQ  Monitoring  and  Data  Management  Bureau  following  standard 
operating  procedures  of  the  MDEQ  Planning,  Prevention,  and 
Assistance  Division.   Using  appropriate  tools,  microalgae  were 
scraped,  brushed,  or  sucked  from  natural  substrates  in  proportion 
to  the  rank  of  those  substrates  at  the  study  site.   Macroalgae 
were  picked  by  hand  in  proportion  to  their  abundance  at  the  site. 
All  collections  of  microalgae  and  macroalgae  were  pooled  into  a 
common  container  and  preserved  with  Lugol ' s  (IKI)  solution. 

Samples  were  examined  to  estimate  the  relative  abundance  and 
rank  by  biovolume  of  diatoms  and  genera  of  soft  (non-diatom) 
algae  according  to  the  method  described  in  Bahls  (1993) .   Soft 
algae  were  identified  using  Dillard  (1999) ,  Prescott  (1978) , 
Smith  (1950),  and  Whitford  and  Schumacher  (1984).   These  books 
also  served  as  references  on  the  ecology  of  the  soft  algae,  along 
with  Palmer  (1977)  . 


After  the  identification  of  soft  algae,  raw  periphyton 
samples  were  cleaned  of  organic  matter  using  sulfuric  acid  and 
potassium  dichromate,  and  permanent  diatom  slides  were  prepared 
using  Naphrax,  a  high  refractive  index  mounting  medium,  following 
Standard  Methods   for   the  Examination   of  Water  and  Wastewater 
(APHA  1998) .   For  each  slide,  between  296  and  464  diatom  cells 
(592  to  928  valves)  were  counted  at  random  and  identified  to 
species.   The  following  were  used  as  the  main  taxonomic  and 
autecological  references  for  the  diatoms:   Krammer  and  Lange- 
Bertalot  1986,  1988,  1991a,  1991b;  Patrick  and  Reimer  1966,  1975. 

Lowe  (1974)  was  also  used  as  an  ecological  reference  for  the 
diatoms.   Bahls  et  al .  (1984)  provide  autecological  information 
on  important  diatom  species  that  live  in  the  Southern  Fort  Union 
Coal  Region  of  Montana,  including  many  of  the  diatom  species 
found  in  the  Tongue  River. 

The  diatom  proportional  counts  were  used  to  generate  an 
array  of  diatom  association  metrics  (Table  2) .   A  metric  is  a 
characteristic  of  the  biota  that  changes  in  some  predictable  way 
with  increased  human  influence  (Barbour  et  al .  1999) . 

Metric  values  from  the  Tongue  River  were  compared  to  numeric 
biocriteria  developed  for  streams  in  the  Great  Plains  Ecoregions 
of  Montana  (Table  3) .   These  criteria  are  based  on  metric  values 
measured  in  least-impaired  reference  streams  (Bahls  et  al .  1992) 
and  on  metric  values  measured  in  streams  that  are  known  to  be 
impaired  by  various  sources  and  causes  of  pollution  (Bahls  1993) . 

The  criteria  in  Table  3  distinguish  among  four  levels  of 
impairment  and  three  levels  of  aquatic  life  use  support:   no 
impairment  or  only  minor  impairment  (full  support) ;  moderate 
impairment  (partial  support) ;  and  severe  impairment  (nonsupport) . 
These  impairment  levels  correspond  to  excellent,  good,  fair,  and 
poor  biological   integrity,    respectively. 


Only  periphyton  samples  collected  in  summer  (i.e.,  June  21- 
September  21)  can  be  compared  with  confidence  to  reference  stream 
samples  because  metric  values  change  seasonally  and  summer  is  the 
season  in  which  reference  streams  and  impaired  streams  were 
sampled  for  the  purpose  of  biocriteria  development . 


QUALITY  ASSURANCE 

Se-'-'eral  steps  were  taken  to  assure  that  the  study  results 
are  accurate  and  reproducible. 

Upon  receipt  of  the  samples,  station  and  sample  information 
were  recorded  in  a  laboratory  notebook  and  samples  were  assigned 
a  unique  number  compatible  with  the  Montana  Diatom  Database, 
e.g.,  0364-22.   The  first  part  of  this  number  (0364)  designates 
the  sampling  site  (Tongue  River  above  Prairie  Dog  Coulee  near 
Pyramid  Butte) ;  the  second  part  of  the  number  (22)  designates  the 
number  of  periphyton  samples  that  have  been  collected  at  this 
site  to  date  for  which  data  have  been  entered  into  the  Montana 
Diatom  Database. 

Sample  observations  and  analyses  of  soft  (non-diatom)  algae 
were  recorded  in  a  lab  notebook  along  with  station  and  sample 
information  provided  by  MDEQ .   A  portion  of  the  raw  sample  was 
used  to  make  duplicate  diatom  slides. 

On  completion  of  the  project,  station  information,  sample 
information,  and  diatom  proportional  count  data  will  be  entered 
into  the  Montana  Diatom  Database.   One  set  of  diatom  slides  will 
be  deposited  in  the  University  of  Montana  Herbarium  in  Missoula. 
The  other  set  of  slides  will  be  retained  by  Hannaea   in  Helena. 


RESULTS  AND  DISCUSSION 
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Results  are  presented  in  Tables  4  and  5,  located  near  the 
end  of  this  report  following  the  Literature  Cited  section. 
Spreadsheets  containing  completed  diatom  proportional  counts, 
with  species'  pollution  tolerance  classes  (PTC)  and  percent 
abundances,  are  attached  as  Appendix  A. 


SAMPLE  NOTES 

Tongue  River  below  Squirrel  Creek  (TROD .   This  sample 
consisted  mostly  of  moss.  Phormidium   occurred  as  an  epiphyte  on 
Cladophora . 

Tongue  River  above   Prairie  Dog  Coulee  (TR02) .   Moss  was 
present  in  this  sample,  but  it  was  not  abundant. 

Tongue  River  at  Brandenberg  (TR03) .   This  sample  was  very 
silty.   Again,  Phormidium   grew  as  an  epiphyte  on  Cladophora. 

Tongue  River  at  Garland  (TR04) .   This  sample  was  also  very 
silty.  Phormidium   and  Chamaesiphon   occurred  as  epiphytes,  the 
latter  on  Audouinella. 

Tongue  River  above  TY  Dam  (TR05) .   This  sample  was  also  very 
silty. 

Tongue  River  at  mouth  (TR06) .   This  sample  was  silty. 
Scenedesmus   occurred  mostly  as  short  chains  of  8  to  16  cells. 


NON- DIATOM  ALGAE 

Eighteen  genera  of  nondiatom  algae  were  found  in  the  Tongue 
River,  representing  four  major  divisions:   Green  algae,  euglenoid 
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algae,  red  algae,  and  cyanobacteria  (Table  4) .   The  number  of 
non-diatom  genera  ranged  from  a  low  of  6  above  Tongue  River 
Reservoir  Co  a  high  of  13  below  the  reservoir.   This  compares  to 
an  average  of  13  nondiatom  genera  (range  9-19)  recorded  from 
prairie  reference  streams  in  Montana  (Bahls  1993) . 

Diatoms  dominated  the  periphyton  sample  collected  above  the 
Tongue  River  Reservoir  and  ranked  first  in  biomass  at  the  three 
lowest  sites  on  the  river  (Table  4) .   The  filamentous  green  alga 
Cladopbora   ranked  first  in  biomass  at  the  two  sites  immediately 
downstream  from  Tongue  River  Reservoir,  where  diatoms  were 
abundant  and  ranked  second.   Dominance  by  Cladophora   at  these  two 
sites  is  probably  due  to  the  flow-  and  temperature-stabilizing 
effects  of  Tongue  River  Dam  and  Reservoir. 

Audouinella,    a  red  alga  and  an  indicator  of  clean  water,  was 
present  at  all  sites  except  at  the  mouth  of  the  river  (TR06) . 
Euglena,    an  indicator  of  organic  loading,  was  present  at  TR04  and 
TR06,  but  was  not  recorded  at  other  sites. 

Several  indicator  taxa  were  present  among  the  cyanobacteria. 
Anabaena,    a  nitrogen-fixing  and  potentially  toxic  genus,  was 
present  at  all  sites.  Merismopedia,    a  brackish  water  genus,  was 
recorded  only  at  TR04,  where  it  was  rare.  Nostoc,    an  indicator 
of  cool,  nitrogen-poor  waters,  was  found  only  at  TR02  below 
Tongue  River  Dam.   The  blue-green  genus  Phormidium   was  common  at 
all  sites,  where  it  grew  mostly  as  an  epiphyte. 


DIATOMS 

Major  diatom  species  in  Tongue  River  periphyton  samples 
(Table  5)  are  all  sensitive  to  pollution  (Class  3)  or  only 
somewhat  tolerant  of  pollution  (Class  2) .   The  pollution  index  is 
mainly  an  indicator  of  organic  loading.   Pollution  index  values 


for  the  Tongue  River  indicated  good  to  excellent  water  quality        tf^ 
and  no  impairment  of  biological  integrity. 

Three  of  the  major  diatom  species  in  the  Tongue  River- - 
Cyclotella  meneghiniana,    Nitzschia   frustulum,    and  Nitzschia 
reversa- -are   considered  salt-tolerant  species.   These  species 
peaked  in  abundance  at  the  two  downstream  stations  (Table  5) . 
This  probably  reflects  a  buildup  in  salts  from  tributaries  and 
from  irrigation  return  flows.   However,  despite  continued  drought 
and  record  low  flows  in  the  Tongue  River  during  2001,  salinity 
did  not  have  an  overt  effect  on  the  river's  flora. 

Diatom  species  richness  and  species  diversity  values  both 
indicate  good  to  excellent  biological  integrity  and  no  impairment 
of  aquatic  life  uses  (Table  5) .   The  lowest  species  richness  and 
diversity  values  were  recorded  at  TR02  and  TR03 .   This  decline  in 
species  diversity  probably  results  from  a  decrease  in  habitat 
diveristy  caused  by  the  temperature-  and  flow-stabilizing  effects     ^^^ 
of  the  Tongue  River  Dam  and  Reservoir. 

TR02  and  TR03  also  supported  the  largest  populations  of 
Cocconies  pediculus .      Cocconeis  pediculus   is  adapted  to  living 
attached  to  filaments  of  Cladophora,    and  the  abundance  of  this 
diatom  at  TR02  and  TR03  is  directly  related  to  the  abundance  of 
Cladophora   at  these  sites.   This  abundance  of  Cladophora   results 
from  the  flow-  and  temperature-stabilizing  effects  of  the  Tongue 
River  Dam  and  Reservoir  upstream.  Cocconeis  pediculus   accounted 
for  over  half  of  the  diatom  cells  counted  at  TR03  (Table  5)  and 
its  dominance  here  indicated  moderate  impairment  and  partial 
support  of  aquatic  life  uses  due  to  habitat  homogeneity. 

The  disturbance  index  (percent  abundance  of  Achnanthes 
minutissima)    was  very  low  at  all  sites  (Table  5) .   This  indicates 
that  physical  scour,  invertebrate  grazing,  and  chemical  toxicity 
were  not  controlling  factors  for  the  periphyton  community  of  the      (B 
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Tongue  River  in  the  summer  of  2001. 

The  siltation  index,  which  is  the  percent  abundance  of 
motile  diatoms  in  the  genera  Navicula,    Nitzschia   and  Surirella, 
indicated  minor  impairment  at  TR04  and  moderate  impairment  at 
TR05  (Table  5) .  Reimeria   sinuata,    which  is  also  a  motile  and 
free-living  diatom,  peaked  in  abundance  at  TR04 .   No  impairment 
from  siltation  was  indicated  at  the  three  upstream  sites  or  at 
the  lowest  site  at  Miles  City. 

A  small  number  of  teratological  diatom  cells  was  counted  at 
each  of  the  four  uppermost  stations,  indicating  minor  impairment 
(Table  5) .   The  cause  of  this  impairment  is  unknown. 

The  two  upstream  sites  on  the  Tongue  River  supported 
relatively  large  numbers  of  diatoms  in  the  family  Epithemiaceae 
(Table  5) .   Diatoms  in  this  family  harbor  small  nitrogen- fixing 
cyanobacteria  in  their  cells  and  an  abundance  of  these  diatoms 
typically  indicates  a  deficiency  of  nitrogen  in  the  water  column 
relative  to  phosphorus.   Nitrogen  deficiency  was  particularly 
acute  at  TR02  below  Tongue  River  Dam. 

Similarity  index  values  indicate  the  amount  of  floristic 
similarity  between  adjacent  sampling  sites.   The  two  upstream 
sites,  above  and  below  Tongue  River  Reservoir,  had  less  than  20% 
of  their  diatom  populations  in  common  (Table  5),  indicating  a 
very  large  change  in  environmental  conditions.   Sites  TR04  and 
TR05  shared  less  than  a  third  of  their  diatom  floras,  also 
indicating  a  substantial  change  in  conditions  between  these 
sites.   Sites  TR02  and  TR03  shared  nearly  half  of  their  diatom 
floras,  indicating  that  a  smaller  change  occurred  between  these 
two  sites.   Similarity  index  values  for  the  remaining  station 
pairs  were  somewhere  in  between  these  extremes. 
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APPENDIX  A:   DIATOM  PROPORTIONAL  COUNTS 


Tongue  River  below  Squirrel  Creek  near  Decker  (TR01) 


10/4/01 


i  ^eaiB<>tt:gfa>^Baa»it^;aa^i  im 


036302Achnanthes  lanceolata 

036302Achnanthes  minutissima 


036302Amphipleura  pellucida- 


D36302AulacQseira_granuIala- 
£)36302Aulacoseira  islanflica 


]36302.Caloneis  silicula 
,036302,Cocconeis  pediciilus 


-036302,CoccQneis  placentuia 


036302Cymbella_silesiaca_ 


3630ZDiatQma  vulgaris 

0363  02.Epithemia  adnata- 

36302.Epithefnia  sorex. 


36302Pragilaria  brevistriata 


_D36302.Fragilaria  constniens- 
_D  3  6  3  D2.Fragilaria- vaucheriae. 


0363Q2.GamphQDema-mmutiim 

_  036302,Gomphonema  parvulum 

036302JsJavicula  napitatnrariiata 

_i)3630; 


-036302!Navic,ula  cryptotenelia 
J36302;Navic.i.ila  decussis 


:36302Wavi 
]36302JslavinLila  kotschyi 


-i)36302:Navicula  menisculus 


336302!Naviculamiitica 


336302jslavic.ula  pelliculnsa 


336302.NaviCLila  pseudanglica 
336302.Navic.ula^pupula 


3363Q2Niaviciila  recens 


_0 3&30aNavlciila  reichardtiana 


-036302Navir.iila  salinamm 
_036302J4a 


3trica 


J36302JMavir.iila  tfinftllnidas 
J336302Navir.ula  tenera 


3630ZNavicula  Iripiinctata 


_036302Jslaviaila  viridula 


-036302JJit7.sr.hia  acicularis 


-036302:Nitzschia  agnita. 


_0363Q2Nitzschia  amphihia. 


^036302islitzschia  amplectens 
X136302JMit7sr.hia  apiailata 


_036302MtzscWa.hergii_ 


-30. 


-80. 


J129. 


A3 


_26i 


JO. 


.QJJ5 


JL4fi 


ni2 


01? 


-0-23 


-OJiS 


JL04 


3  46 


-0-23 


012 


0  4fi 


9?4 


-0-46 


OOP 


1490 


1  50 


3  on 

OOP 


0  46 


01? 


P1? 


OOP 


-0-23 


-0-00 


01? 


0  23 


-O-sa 


0?3 


0  46 


-0-23 


0?3 


-0-35 


0  46 


JLDO 


-0-23 


01? 


-0-23 


JJL5 


-0-23 


0  69 
n?3 


0  69 


-036302;Nitzschiai:apitellata 


-03&302jNitzschia  dRsertoninn 


336302.Nitzsc,hia  dissipata 
-O36302'Nit7.sr.hia  fnistulum 


-0363Q2;tslitzschia  hungarica 


)36302Nitz.schia  incognita 


}  3  6  3  02Nitzschia  linearis 


-O36302)Nitzschia  palea- 


_D363Q2NitzschiajBversa^ 
036302.Nilzschia-Siliqi.ia 


)36302Nitzschia  solita 


J336302Nitzschia  supralitorea 


-0363 02|Reimeria  siniiata 


036302^oicosphenia  r.iirvata 
:i36302Hhopalodia^il3ba_ 


J336302|Stephanodisr.iis  miniitiis 
-036302Synedraacus_ 


-036302Synedrajielicatissima- 
n3fi3n?Synprtra  ulna 


J12. 


-21 


-9Z. 


-36. 


AQ. 


-28. 


-81 


1641 


-0-46 


-0-23 


1  39 


?4? 


11  ?P 
0  00 


4  16 


023 


0  9? 


JL15 


0  46 


012 


-0-23 


-0-23 


-3-23 


-0-23 


0  69 


9  35 


J),92 


1«Q4I 
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Tongue  River  above  Prairie  Dog  Coulee  (TR02) 


10/4/01 


Sample            Genusffipecles/Vaftety 

Pollution  Totefance  C^»5 

;""CCHtnS"" 

Pereertt    / 

036422Achnanthes  clevei 

3 

21 

2.40 

036422Achnanthes  lanceolata 

2 

25 

2.86 

036422  Achnanthes  minutissima 

3 

13 

1.49 

036422  Amphora  inariensis 

3 

0 

0.00 

036422Amphora  libyca 

3 

2 

0.23 

036422Amphora  pediculus 

3 

24 

2.74 

036422Aulacoseira  distans 

3 

5 

0.57 

036422Aulacoseira  granulata 

3 

6 

0.69 

036422Aulacoseira  islandica 

3 

3 

0.34 

036422  Caloneis  bacillum 

2 

2 

0.23 

036422  Cocconeis  pediculus 

3 

297 

33.94 

036422  Cocconeis  placentula 

3 

53 

6.06 

036422  Cymbella  affinis 

3 

2 

0.23 

036422  Cymbella  hebridica 

3 

2 

0.23 

036422  Diatoma  vulgaris 

3 

0 

0.00 

036422  Epithemia  adnata 

2 

138 

15.77 

036422  Epithemia  sorex 

3 

130 

14.86 

036422  Fragiiaria  brevistriata 

3 

0 

0.00 

036422  Fragiiaria  capucina 

2 

1 

0.11 

036422  Fragiiaria  construens 

3 

11 

1.26 

036422  Gomphonema  minutum 

3 

3 

0.34 

036422  Navicula  capitatoradiata 

2 

2 

0.23 

036422  Navicula  cryptotenella 

2 

58 

6.63 

036422  Navicula  menisculus 

2 

2 

0.23 

036422  Navicula  minima 

1 

3 

0.34 

036422  Navicula  pseudanglica 

2 

2 

0.23 

036422  Navicula  pupuia 

2 

2 

0.23 

036422  Navicula  radiosa 

3 

2 

0.23 

036422  Navicula  reichardtiana 

2 

4 

0.46 

036422  Navicula  subminuscula 

1 

4 

0.46 

036422  Navicula  tripunctata 

3 

9 

1.03 

036422  Nitzschia  acicularis 

2 

2 

0.23 

036422  Nitzschia  dissipata 

3 

2 

0.23 

036422  Nitzschia  heufleriana 

3 

3 

0.34 

036422  Nitzschia  linearis 

2 

1 

0.11 

036422  Nitzschia  sigmoidea 

3 

2 

0.23 

036422,Pinnularia  viridis 

3 

0 

0.00 

036422  Reimeria  sinuata 

3 

14 

1.60 

036422  Rhoicosphenia  curvata 

3 

13 

1.49 

036422  Rhopalodia  gibba 

2 

3 

0.34 

036422  Stephanodiscus  medius 

2 

5 

0.57 

036422  Stephanodiscus  minutus 

2 

138 

15.77 

036422  Stephanodiscus  niagarae 

3 

1 

0.11 

036422  Synedra  ulna 

2 

1 

0.11 

036422  Thalassiosira  weissflogii 

2 

0 

0.00 
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Tongue  River  at  Brandenberg  (TR03) 


10/4/01 


'~~'^l^fli^f^^'*^it^ii^ig|>ecJ6sA?Arl^      - 

PoUution  Tokttance  Class 

Count 

Pereeitt 

011609  Achnanthes  clevei 

3 

11 

1.31 

011609Achnanthes  lanceolata 

2 

3 

036 

011609Achnanthes  minutissima 

3 

14 

1.67 

01 1609 Amphora  libyca 

3 

1 

012 

01 1609  Amphora  pediculus 

3 

7 

084 

011609Aular,o.seira  so. 

3 

1 

012 

011609Caloneis  silicula 

2 

6 

072 

01 1609Cocconeis  pediculus 

3 

465 

5556 

011609Cocconeis  placentula 

3 

40 

4.78 

01 1609Cyciotella  atomus 

2 

2 

024 

011609CyclotRlla  meneghiniana 

2 

6 

0.72 

01 1609  Epithemia  adnata 

2 

4 

048 

011609Epithemia  sorex 

3 

6 

072 

011609Fragilaria  construens 

3 

2 

0.24 

011609Fragilaria  vaucheriae 

2 

2 

0.24 

011609,Gomphonema  minutum 

3 

2 

0.24 

011609Gomphonema  parvulum 

1 

6 

0.72 

01 1609Hantzschia  amphioxys 

2 

2 

024 

011609:Navicula  canalis 

1 

3 

0.36 

011609Navicula  capitata 

2 

2 

0.24 

011609,Navicula  caterva 

2 

0 

0.00 

011609Navicula  circumtexta 

1 

3 

036 

011609Navicula  cryptoteneila 

2 

12 

1.43 

01 1609  Navicula  erifuga 

2 

11 

1  31 

011609Navicula  germainii 

3 

3 

036 

01 1609  Navicula  gregaria 

2 

3 

036 

01 1609, Navicula  minima 

1 

2 

0.24 

01 1609  Navicula  pseudanglica 

2 

5 

0.60 

011609  Navicula  pupula 

2 

4 

0.48 

01 1609  Navicula  recens 

2 

3 

0.36 

01 1609  Navicula  reichardtiana 

2 

2 

024 

01 1609  Navicula  stroemii 

2 

2 

0.24 

01 1609  Navicula  symmetrica 

2 

3 

0.36 

011609  Navicula  tripunctata 

3 

1 

012 

011609  Navicula  tuscula 

3 

1 

0.12 

011609  Navicula  veneta 

1 

2 

0.24 

011609Nitzschia  agnita 

1 

4 

048 

011609Nitzschia  amplectens 

2 

8 

0.96 

011609,Nitzschia  apiculata 

2 

2 

0.24 

011609Nitzschia  aurariae 

1 

2 

0.24 

011609iNitzschia  bergii 

1 

3 

0.36 

011609Nitzschia  calida 

2 

4 

0.48 

011609Nitzschia  closterium 

2 

4 

0.48 

011609Nitzschia  frustulum 

2 

49 

5.85 

011609Nitzschia  gracilis 

2 

0 

0.00 

011609NJtzschia  hungarica 

2 

2 

0.24 

011609Nitzschia  liebetruthii 

2 

2 

0.24 

011609Nitzschia  palea 

1 

30 

3.58 

01 1609Nitzschia  reversa 

2 

5 

060 

011609Nitzschia  thermaloides 

2 

22 

263 

011609Reimeria  sinuata 

3 

56 

6.69 

011609Rhoicosphenia  curvata 

3 

0 

0.00 

011609Rhopalodia  gibba 

2 

0 

0.00 

011609Svnedraulna 

2 

2 

0.24 
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Tongue  River  at  Garland  below  Forest  Creek  (TR04) 


10/4/01 


Sample 

Genus/Specjesi^^iliiiii': 

Pollution  Totefance  Class 

Count 

Percent 

219301 

Achnanthes  clevei 

3 

18 

3.04 

219301 

Achnanthes  lanceolata 

2 

15 

2.53 

219301 

Achnanthes  minutissima 

3 

24 

4.05 

219301 

Amphora  pediculus 

3 

24 

4.05 

219301 

Amphora  veneta 

1 

0 

0.00 

219301 

Aulacoseira  islandica 

3 

1 

0.17 

219301 

Caloneis  silicula 

2 

1 

0.17 

219301 

Cocconeis  pediculus 

3 

10 

1.69 

219301 

Cocconeis  placentula 

3 

17 

2.87 

219301 

Cyclotella  meneghiniana 

2 

7 

1.18 

219301 

Cymbella  microcephala 

2 

8 

1.35 

219301 

Cymbella  prostrata 

3 

1 

0.17 

2 1 9301 

Diploneis  puella 

2 

4 

0.67 

219301 

Entomoneis  alata 

2 

0 

0.00 

219301 

Epl'hemia  adnata 

2 

5 

0.84 

219301 

Epithemia  sorex 

3 

6 

1.01 

219301 

Fragilaria  brevistriata 

3 

1 

0.17 

219301 

Fragilaria  construens 

3 

2 

0.34 

219301 

Fragilaria  pinnata 

3 

2 

0.34 

219301 

Fragilaria  vaucheriae 

2 

1 

0.17 

219301 

Gomphonema  kobayasii 

3 

1 

0.17 

219301 

Gomphonema  olivaceum 

3 

1 

0.17 

219301 

Gomphonema  parvulum 

1 

2 

0.34 

219301 

Gyrosigma  acuminatum 

3 

1 

0.17 

219301 

Navicula  canalis 

1 

6 

1.01 

219301 

Navicula  capitata 

2 

5 

0.84 

219301 

Navicula  caterva 

2 

2 

0.34 

219301 

Navicula  cincta 

1 

1 

0.17 

219301 

Navicula  circumtexta 

1 

4 

0.67 

219301 

Navicula  cryptotenella 

2 

7 

1.18 

219301 

Navicula  cuspidata 

2 

1 

0.17 

219301 

Navicula  decussis 

3 

0 

0.00 

219301 

Navicula  erifuga 

2 

24 

4.05 

219301 

Navicula  genmainii 

3 

4 

0.67 

219301 

Navicula  goersii 

2 

2 

0.34 

219301 

Navicula  gregaria 

2 

11 

1.85 

219301 

Navicula  halophila 

2 

0 

0.00 

219301 

Navicula  menisculus 

2 

2 

0.34 

219301 

Navicula  minima 

1 

2 

0.34 

219301 

Navicula  mutica 

2 

2 

0.34 

219301  Navicula  pseudanglica 

2 

4 

0.67 

219301 

Navicula  pupula 

2 

2 

0.34 

219301 

Navicula  pygmaea 

2 

8 

1.35 

219301 

Navicula  reichardtiana 

2 

4 

0.67 

219301 

Navicula  symmetrica 

2 

6 

1.01 

219301 

Navicula  tenelloides 

1 

3 

0.51 

219301 

Navicula  tripunctata 

3 

0 

0.00 
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Tongue  River  at  Garland  below  Forest  Creek  (TR04) 


10/4/01 


Sample            Genus/SpdCiedAiCamiy 

Poitutlon  Totecance  C&^s 

Count 

Percent 

219301  Navicula  tuscula 

3 

8 

1.35 

219301  Navicula  veneta 

1 

6 

1.01 

219301 

Navicula  viridula 

2 

2 

0.34 

219301 

Nitzschia  acicularis 

2 

2 

0.34 

219301 

Nitzschia  agnita 

1 

4 

0.67 

219301 

Nitzschia  angustata 

2 

3 

0.51 

219301  Nitzschia  apiculata 

2 

6 

1.01 

219301 

Nitzschia  aurariae 

1 

2 

0.34 

219301 

Nitzschia  calida 

2 

5 

0.84 

219301 

Nitzschia  capitellata 

2 

2 

0.34 

219301 

Nitzschia  closterium 

2 

2 

0.34 

219301 

Nitzschia  discioata 

3 

2 

0.34 

219301 

Nitzschia  frusiulum 

2 

61 

10.29 

219301 

Nitzschia  hungarica 

2 

9 

1.52 

219301 

Nitzschia  incognita 

2 

2 

0.34 

219301 

Nitzschia  levidensis 

2 

0 

0.00 

219301 

Nitzschia  liebetruthii 

2 

11 

1.85 

219301 

Nitzschia  linearis 

2 

0 

0.00 

219301 

Nitzschia  iorenziana 

2 

1 

0.17 

219301 

Nitzschia  microcephala 

1 

2 

0.34 

219301 

Nitzschia  palea 

1 

47 

7.93 

219301 

Nitzschia  reversa 

2 

5 

0.84 

219301 

Nitzschia  siliqua 

2 

15 

2.53 

219301 

Nitzschia  solita 

1 

10 

1.69 

219301 

Nitzschia  thermaioides 

2 

6 

1.01 

219301 

Nitzschia  valdestriata 

2 

1 

0.17 

219301  Nitzschia  vemnicularis 

2 

1 

0.17 

219301  Pinnuiaria  borealis 

2 

1 

0.17 

219301  Reimeria  sinuata 

3 

106 

17.88 

219301  Rhoicosphenia  curvata 

3 

2 

0.34 

219301 

Rhopalodia  brebissonii 

1 

2 

0.34 

219301 

Rhopalodia  gibba 

2 

1 

0.17 

219301 

Stephanodiscus  medius 

2 

6 

1.01 

219301 

Stephanodiscus  minutus 

2 

4 

0.67 

219301 

Synedra  ulna 

2 

1 

0.17 

219301 

Thalassiosira  pseudonana 

2 

3 

0.51 
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Tongue  River  above  Pumpkin  Creek  and  TY  Dam  (TR05) 


10/4/01 


;  Sample 

Gerius^peciieiiilifs^iiiii 

H^liJiiiiifefanwce  Class 

CcHinl 

Percent  'i 

219401 

Achnanthes  clevei 

3 

2 

0.24 

219401 

Achnanthes  delicatula 

2 

2 

0.24 

219401 

Achnanthes  lanceolata 

2 

10 

1.20 

219401 

Achnanthes  minutissima 

3 

19 

2.29 

219401 

Amphora  pediculus 

3 

23 

2.77 

219401 

^ulacoseira  distans 

3 

1 

0.12 

219401 

Aulacoseira  islandica 

3 

1 

0.12 

219401 

Caloneis  silicula 

2 

2 

0.24 

219401 

Cocconeis  pediculus 

3 

2 

0.24 

219401 

Cocconeis  placentula 

3 

3 

0.36 

219401 

Cyclotella  meneghiniana 

2 

20 

2.41 

219401 

Cymbella  microcephala 

2 

4 

0.48 

219401 

Diploneis  puella 

2 

15 

1.81 

219401 

Fragilaria  brevistriata 

3 

0 

0.00 

219401 

Fragilaria  vaucheriae 

2 

8 

0.96 

219401 

Gomphonema  minutum 

3 

10 

1.20 

219401 

Gomphonema  parvulum 

1 

4 

0.48 

219401 

Navicula  canalis 

1 

10 

1.20 

219401 

Navicula  caterva 

2 

3 

0.36 

219401 

Navicula  cincta 

1 

2 

0.24 

219401 

Navicula  circumtexta 

1 

0 

0.00 

219401 

Navicula  clementioides 

3 

2 

0.24 

219401 

Navicula  cryptotenella 

2 

8 

0.96 

219401 

Navicula  erifuga 

2 

36 

4.33 

219401 

Navicula  germainii 

3 

11 

1.32 

219401 

Navicula  gregaria 

2 

10 

1.20 

219401 

Navicula  pseudanglica 

2 

2 

0.24 

219401 

Navicula  pupula 

2 

2 

0.24 

219401 

Navicula  pygmaea 

2 

3 

0.36 

219401 

Navicula  recens 

2 

6 

0.72 

219401 

Navicula  reichardtiana 

2 

5 

0.60 

219401 

Navicula  symmetrica 

2 

9 

1.08 

219401 

Navicula  tenelloides 

1 

4 

0.48 

219401 

Navicula  tuscula 

3 

2 

0.24 

219401 

Navicula  veneta 

1 

2 

0.24 

219401 

Navicula  viridula 

2 

5 

0.60 

219401 

Nitzschia  acicularis 

2 

6 

0.72 

219401 

Nitzschia  agnita 

1 

19 

2.29 

219401 

Nitzschia  amplectens 

2 

14 

1.68 

219401 

Nitzschia  apiculata 

2 

5 

0.60 

219401 

Nitzschia  aurariae 

1 

4 

0.48 

219401 

Nitzschia  calida 

2 

6 

0.72 

219401 

Nitzschia  capitellata 

2 

10 

1.20 

219401 

Nitzschia  closterium 

2 

10 

1.20 

219401 

Nitzschia  communis 

1 

4 

0.48 

219401 

Nitzschia  desertorum 

2 

2 

0.24 

219401 

Nitzschia  frustulum 

2 

178 

21.42 
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219401  Nitzschia  hungarica 

2 

4 

0.48 

219401  Nitzschia  incognita 

2 

2 

0.24 

219401  Nitzschia  liebetruthii 

2 

8 

0.96 

219401 

Nitzschia  linearis 

2 

1 

0.12 

219401 

Nitzschia  littoralis 

2 

2 

0.24 

219401 

Nitzschia  microcephala 

1 

2 

0.24 

219401 

Nitzschia  palea 

1 

71 

8.54 

219401 

Nitzschia  reversa 

2 

143 

17.21 

219401 

Nitzschia  Sigma 

2 

0 

0.00 

21940l!Nitzschia  solita 

1 

4 

0.48 

219401 

Nitzschia  thermaioides 

2 

15 

1.81 

219401 

Nitzschia  valdestriata 

2 

14 

1.68 

219401 

Pleurosigma  delicatulum 

2 

5 

0.60 

219401 

Reimeria  sinuata 

3 

24 

2.89 

219401 

Rhopalodia  brebissonii 

1 

2 

0.24 

219401 

Rhopalodia  gibba 

2 

2 

0.24 

219401 

Stephanodiscus  hantzschii 

2 

2 

0.24 

219401 

Stephanodiscus  medius 

2 

1 

0.12 

219401 

Stephanodiscus  minutus 

2 

10 

1.20 

219401 

Synedra  ulna 

2 

3 

0.36 

219401 

Thalassiosira  pseudonana 

2 

10 

1.20 
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Count 
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01 1 905  Achnanthes  afflnis 

3 

2 

0.22 

011905Achnanthes  minutissima 

3 

23 

2.48 

01 1905  Amphora  libyca 

3 

1 

0.11 

01 1905  Amphora  pediculus 

3 

4 

0.43 

01 1905  Amphora  veneta 

1 

2 

0.22 

011905Aulacoseira  distans 

3 

7 

0.75 

011905Aulacoseira  islandica 

3 

1 

0.11 

011905Caloneis  bacillum 

2 

14 

1.51 

01 1 905  Caloneis  schumanniana 

2 

2 

0.22 

01 1905Caloneis  silicula 

2 

20 

2.15 

011905Cyclotella  atomus 

2 

14 

1.51 

011905Cyclotella  meneghiniana 

2 

101 

10.87 

011905Cycioteiia  pseudostelligera 

2 

6 

0.65 

011905Cymbella  microcephala 

2 

2 

0.22 

011905Cymbella  minuta 

2 

5 

0.54 

011905Cymbella  silesiaca 

2 

10 

1.08 

011905Diatoma  moniliformis 

2 

1 

0.11 

011905Diploneis  puella 

2 

8 

0.86 

011905Fragilaria  capucina 

2 

4 

0.43 

011905Gomphonema  gracile 

2 

6 

0.65 

011905Gomphonema  mexicanum 

2 

4 

0.43 

011905Gomphonema  minutum 

3 

231 

24.87 

011905Gomphonema  parvulum 

1 

64 

6.89 

011905Hantzschia  amphioxys 

2 

2 

0.22 

01 1 905  Navicula  arvensis 

1 

2 

0.22 

011905Navicula  cryptotenella 

2 

6 

0.65 

01 1905  Navicula  erifuga 

2 

38 

4.09 

01 1905  Navicula  germainii 

3 

2 

0.22 

01 1 905  Navicula  gregaria 

2 

8 

0.86 

01 1905  Navicula  menisculus 

2 

3 

0.32 

011905 

Navicula  muraiis 

1 

2 

0.22 

011905 

Navicula  pupula 

2 

2 

0.22 

011905 

Navicula  recens 

2 

0 

0.00 

011905 

Navicula  sp. 

2 

2 

0.22 

011905 

Navicula  tenelloides 

1 

2 

0.22 

011905 

Navicula  tuscula 

3 

2 

0.22 

011905 

Navicula  veneta 

1 

10 

1.08 

011905 

Navicula  viridula 

2 

1 

0.11 

011905 

Nitzschia  acicularis 

2 

21 

2.26 

011905 

Nitzschia  agnita 

1 

8 

0.86 

011905 

Nitzschia  apiculata 

2 

6 

0.65 

011905 

Nitzschia  aurariae 

1 

12 

1.29 

011905 

Nitzschia  calida 

2 

6 

0.65 

011905 

Nitzschia  capitellata 

2 

4 

0.43 

011905 

Nitzschia  closterium 

2 

1 

0.11 

011905 

Nitzschia  communis 

1 

3 

0.32 

011905 

Nitzschia  frustulum 

2 

16 

1.72 
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011905Nitzschia  hungarica 


011905Nitzschia  incognita 


0.43 


0.00 


011905Nitzschia  liebetruthii 


14 


1.51 


011905 


Nitzschia  microcephala 


0.22 


011905 


Nitzschia  palea 


67 


7.21 


01 1 905  Nitzschia  reversa 


58 


6.24 


01 1 905  Nitzschia  sigma 


0.32 


011905 


Nitzschia  siliqua 


0.22 


011905 


Nitzschia  solita 


0.97 


011905 


Nitzschia  umbonata 


0.11 


011905 


Nitzschia  valdestriata 


0.32 


011905 


Pinnularia  borealis 


011905 


Reimeria  sinuata 


27 


0.22 


2.91 


011905 


Stephanodiscus  hantzschii 


011905 


Stephanodiscus  medius 


0.43 


0.43 


011905 


Stephanodiscus  minutus 


13 


1.40 


011905 


Synedra  acus 


0.11 


011905 


Synedra  filifotmis 


0.22 


011905 


Synedra  ulna 


0.75 


011905 


Thalassiosira  pseudonana 


15 


1.61 
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